ABSTRACT
INTRODUCTION
Vehicle emissions are seen as a significant pollution source in urban areas, comprising particles formed in the engine and wear particles from tyres and brake materials. Such emissions include different size fractions from sub-micron to micron, including: ultrafine particles (< 30 nm, 30−100 nm) formed in the engine, the exhaust pipe or immediately after emission; fine particles (0.1−2 μm) formed by chemical reactions or other processes and coarse mode particles (> 2 μm) formed by the mechanical abrasion of road surface, tyre and brake materials (Palmgren et al., 2003) .
In terms of aerodynamic diameter, the particulate matter (PM) can also be classified as fine particles (< 2.5 μm), inhalable particles (< 10 μm) and total suspended particles (< 30 or 100 μm). These particles not only impact on environments, but can also be deeply inhaled and are therefore dangerous to human health. According to Rizzio et al. (1999) , grains < 4.6 μm are especially dangerous to humans as they can be inhaled into the bronchial region, while even more harmful are grains < 1.1 μm which can be deposited in the alveoli. Some studies have shown that long-term exposure to these particles can lead to respiratory and cardiovascular diseases (e.g. Pope et al., 2002; Knutsen et al., 2004; Knox, 2006; Pope and Dockery, 2006) . Different authors (Flanders, 1994; Kasper et al., 1999; Abdul-Razzaq and Gautam, 2001; Kim et al., 2007) have reported the presence of magnetic particles in the PM of vehicle emissions. These magnetic particles are not only important because of their relationship with heavy metals but also because of their adverse influence on human health. Such magnetic particles can be inhaled and absorbed in human tissues, which has potential implications for many biomedical issues, including human exposure to the strong static magnetic field used in magnetic resonance imaging, as well as to weaker fields produced by electric power systems and cell phones (Kirschvink et al., 1992) . The presence of magnetite in tissues can also cause severe tissue damage, as considerable heat is induced -magnetic thermoablation -when an alternating magnetic field is applied. This process has not only heat-induced but also cytotoxic effects (Hilger et al., 2003) .
Although papers concerning traffic-related magnetic monitoring have increased recently (Amereih et al., 2005; Zhang et al., 2006; Kim et al., 2007; Maher et al., 2008) , there remains a scarcity of magnetic studies of primary sources, such as PM emissions from exhaust pipes (Lu et al., 2005) or wear particles from the brake systems of vehicles. Such information is not only useful for basic knowledge of primary emissions, but also for the identification of different contamination sources from vehicles and their influence.
Preliminary results focussing on magnetic and chemical studies have recently been published by Marié et al. (2010) . In this study, we present results from another tollbooth site, concentrating on the magnetic properties of primary pollutants generated by vehicles, as well as on scanning electron microscopy (SEM) and X-ray energy dispersive spectroscopy (EDS) studies of magnetic extracts in the investigation of morphologies and associated trace elements.
METHODS AND SAMPLING
2 . 1 . S a m p l i n g Samples were collected from the exhaust pipes of several vehicles with gasoline and diesel-powered engines, as well as from their brake systems. Samples were also collected from road-deposited sediments in tollbooth areas (Maipu, M and Samborombon, SB) and from roadside soils along Autovia 2 (Buenos Aires province, Argentina) during two sampling campaigns. For sampling sites and further details, the readers are referred to Marié et al. (2010) .
